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(54) High voltage cable 

(57) A iiigh voltage cable includes a fiber core, a first 
layer of electrically relatively non-insulative polymer, a 
second layer of electrically relatively non-conductive 
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polymer, a third layer of electrically relatively non-insu- 
lative polymer, a fourth layer Including a braided wire 
shield, and a fifth layer Including a solvent- and abra- 
sion-resistant polymer jacket. 
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Description 

r-......Reference "^'"t^d Applications 

[0001] This is a reguiar utility patent application which 
claims priority to U.S. provisional patent application se- 
i Tumber 60/298,254, filed June 14 2001, and as 
signedtothe same assignee as this appl'cation Jhe d.s 
closure of 60/298,254 is hereby incorporated herein by 
reference. 

Field of the invention 

100021 This invention relates to devices for coupling 

rwesuppllestodevicesforutilizingtheou^^ 

Sower supplies. It relates particularly to high magnitude 

porential supplies of the type which supply opera ingpo- 

Sa o deSLsforthe electrostatically aided atomiza- 

t"n and dispensing of coating materials of various 

types. 



Back ground of the Invention 



[0003] There are a number of known constructions for 
Lies of various types. There are, for exan^ple, the ca- 
ble constructions illustrated and described in a S. Pat 
ents: 6,180,888; 6,005,191; 5,998,736; 5,656,796 
5,558,794; 5,523,534; 5,521,009; 5,473,113 
5414211; 5,166,477; 4,739,935; 4,576,827 
4 1 30460; and, 3,792,409. The disclosures of these ref- 
erences are hereby incorporated herein by reference. 
NO re "esentation Is intended by this listing that this is 
a corriplete listing of all pertinent P^or art orthat a tho - 
ough search of all pertinent prior art has been conduct^ 
ed or that no better prior art exists. Nor should any such 
representation be Inferred. 

Disclosure nf the Invention 



[0004] According to one aspect of the invention a 
high voltage cable includes a fiber core, a first layer of 
elLtrically relatively non-insulative polymer, a second 
layer of electrically relatively non-conductive polymer a 
thld layer of electrically relatively non-insulative poly^ 
mer, a fourth layer Including a braided wire shield, and 
layer including a solvent- and abrasion-resistant 

polymer jacket. 
mOOS] Illustratively according to this aspect of the in- 
vention, the fiber core includes a stranded fiber polyes- 

loooer' Further illustratively according to this aspect of 
the invention, the fiber core is impregnated to increase 
Its bulk conductivity. 

[0007] Additionally illustratively according to this as 
pect of the invention, the fiber core is impregnated with 

carbon black. . ,,^t,„;„ 

10008] Illustratively according to this aspect of the in- 
vention, the fi^t layer includes a layer of semiconductive 



oS ^ Further illustratively accordingto this aspect Of 
Se invention, the layer of semiconductive polyet ylene 
eludes a layer of carton black-loaded 
5 [0010] Illustratively according to this aspect of the. n- 
vention, the second layer includes a layer of electrically 
non-conductive polyethylene. 

raol 1] Further illustratively according to this aspect of 
Se invention, the layer of electrically non-conductive 

,0 polyethylene includes a layer of relative^ high molecu- 
lar weight, relatively low density polyethylene. 
0012] Illustratively according to this aspect of the in- 
lention.thethlrdlayerincludesalayer of electncally rel- 
atively non-insulative polyvinyl chlonde. 

15 mm Further illustratively according to this aspect of 
he invention, the layer of electrically relatively non-in- 
sulle poly^;inyl chloride includes a layer of spirally ex- 
Jraded electrically relative^, non-insulative polyvinyl 

20 miTir Illustratively according to this aspect of the in- 
lentlon the metal braid shield contains copper Altema- 
tiveSr o; additionally illustratively, the metal braid shield 

Further illustratively according to this aspect of 
25 he invention, the metal braid of the metal braid shield 
coverrbetween about 85% and about 1 00% of the out- 
side surface of the third layer 
[0016] Additionally illustratively according to this as 
pect of the invention, the pitch of the braid of the metal 
so S Shield is less than or equal to about 20" to a per- 
pendicular to the longitudinal extent of the cab^. 
rooiT] Illustratively according to this aspect o the in- 
vention, the polymer jacket includes a flexible poly- 

. Sttcorimg to another aspect of the invention 
a combination includes a high magnitude elec ros a,c 
potential supply, a device for the electrostatica l y aided 
armization and dispensing of a coating matenal a 
Lurceofthecoatlngmaterlalcoupledtothedevice^and 

40 a high voltage cable coupling the potential supply to the 
dele The'high voltage cable includes a fiber core a 
first layer of electrically relatively non-insulative poly- 
mer a second layer of electrically relatively non-conduc- 
Sie polymer, a third layer of electrically relatively non^ 
45 nsulaf^e polymer, a fourth layer including a braided 
wL shield and a fifth layer including a solvent- and 
abrasion-resistant polymer jacket. 



50 



Brief Descripti on nf the Drawings 



[0019] The invention may best be understood by re- 
erring to the following detailed description of an illustra- 
t^e embodiment of the invention, and the accompany- 
ing drawings which illustrate the invention. In the draw- 

55 ings: 

Fig 1 illustrates a block diagram of a system incor 
poratlngacableconstructedaccordingtotheinven 
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Fiq '2 illustrates a perspective view of a cable con- 
stmcted according to the invention, with the various 
layers of the cable peeled baclc to expose other lay- 
ers underneath. 

m III, il Pr-rrirti" " '"".trative Embodinnent 

ro0201 As used in this application, terms such as 
"electrically conductive" and •■electrically nonMnsulame 

refer to a broad range of conductivities electrically more 
coniic^ve than m'aterials described - '■electnca^y 
non-conductive" and "electrically insulative. Temns 
such as "electrically semiconductive" refer to a broad 
range of conductivities between electrical^ conductive 
and electrically non-conductive. . 
[00211 A high voltage cable 10 couples a high magni- 
lude electrostatic potential supply 1 2 of the general type 
described in, for example, U. S. Patents: 3,851 ,618 
3,875,892; 3,894,272; 4,075,677 4,187,527 
4 324 812' 4,481,557; 4,485,427; 4,745,520, 
5'l59'544; and, 5,978,244, to a device 14 for the elec- 
trostaiically aided atomization and dispensing of a coat- 
ing material 1 6 onto articles 1 8 to be coated by the coat- 
ing material 1 6. Many such devices 1 4 for atomizing and 
dispensing many different types of materials 16 a^e 
known in the art. The disclosures of U. Patents 

3 851,618; 3,875,892; 3,894,272; 4,075,677, 

4 187 527; 4,324,812; 4,481,557; 4,485,427, 
4',745',520; 5,159,544; and, 5,978,244 are also hereby 
incorporated herein by reference. 

ro022] cable 10 includes a fiber core 20, illustratively, 
a 1 500 NEA stranded fiber polyester cord. The fiber core 
20 can be impregnated, or doped, with, for example, car- 
bon black. Alternatively, it may be undoped. Doping the 
fiber core 20 with conductive material to make the fiber 
core 20 conductive or semiconductive pemiits reduction 
of its overall cross-section, increases flexibility of the 
high voltage cable 10, and permits the application of 
more dielectric material around the fiber core 20 for the 
same cross sectional area of cable 10. The increase in 
the amount of dielectric material in turn reduces voltage 

[00231 The fiber core 20 is covered by a thickness 22 
of, for example, .030" ± .001 ", of electrically nonnnsula- 
tive polymer such as, for example. Union Carbide DH- 
DA-7707 Black 55 carbon black-loaded polyethylene 
resin semiconductive material. Next, a thickness 24 of, 
for example, .230" ± .007", of electrically non-conduc- 
tive polyethylene such as, for example, Union Carbide 
DFD-6005 Natural high molecular weight, low density 
polyethylene, is applied over the electrically non-insula- 
tive sheath 22. 

[00241 Next, a thickness 26 of, for example, .015 , o 
spirally extruded electrically non-insulative polyvinyl 
chloride is applied over the polyethylene core 24. Next 
a tin-copper braid shield 28 having, for example, 95 /» 
coverage, is applied over the polyvinyl chionde 26. 7 he 



pitch of the weave of the braid 28 is, for example, 15 
Sfgrees from a diameter of the cable 10 (75 degrees 
measured from an axis of the cable 1 0), see Fig. 2, mak- 
ing the weave tighter, with greater coverage. The mo e 
5 tightly woven, higher pitch braid 28 reduces the likeli- 
Jfod of breakage or otherf allure of the braid 28 because 
of the reduction in the movement of the braid 28 as the 
cable 10 is flexed, and because of the more unifomn con- 
tainment of the portion of the cable 10 Interior to bra.d 
10 28 since the material interior to braid 28 Is less apt to 
be extruded into the voids in the braid 28, because these 
voids in the braid 28 are smaller. The wire braid 28 is 
illustratively fomied from 34 AWG tin-coated copper 
wire. The braid 28 also provides a ground which extends 
15 overthe length ofthe cable 10. 

[00251 Finally, an outer protective, solvent- and abra- 
sK/e-resistant, yetflexible polyurethane jacket 30 covers 
the rest of the assembly. The jacket 30 may be con- 
structed from, for example, B. R Goodrich Company 
20 Chemical Group Estane 58092 compound. 

[00261 An illustrative high voltage cable 1 0 construct- 
ed in this manner has a calculated impedance of 80 n 
a calculated inductance of about .14 ,H/ft. (about 46 
nH/m), a calculated capacitance of about 19 pF/ft 
25 Vabout 62 pF/m), a calculated propagation velocity of 
about 66c a calculated center conductor (20, where 
fiber core 20 Is electrically non-insulative,) 22 DC resist- 
ance of about 66.84 Mfl/1 000 ft. (about 220 Ki^m and 
a calculated braid 28 DC resistance of about 2.5 QJ^ 000 
30 ft. (about .008 n/m). 



Claims 

35 1 A high voltage cable including a fiber core, a first 
layer of an electrically relatively non-insulative pol- 
ymer, a second layer of an electrically relatively 
non-conductive polymer, a third layer of an electri- 
cally relatively non-insulative polymer, a fourth layer 
40 including a metal braid shield, and a fifth layer in- 
cluding a relatively solvent- and abrasive-resistant 
polymer jacket. 
2. The cable of claim 1 wherein the fiber core includes 
45 a stranded fiber polyester core. 

3 The cable of claim 1 or 2 wherein the fiber core is 
impregnated to increase its bulk conductivity. 

50 4 The cable of at least one of the preceding claims 
wherein the fiber core is impregnated with carbon 
black. 

5 The cable of at least one of the preceding claims 
55 ' wherein the first layer includes a layer of semicon- 
ductive polyethylene. 
6. The cable of claim 5 wherein the layer of semicon- 
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ductive polyethylene includes a layer of carbon 
black-loaded polyethylene. 

7 The cable of at least one of the preceding claims 
■ wherein the second layer includes a layer of elec- 
trically relatively non-conductive polyethylene. 

8 The cable of claim 7 wherein the layer of electrically 
relatively non-conductive polyethylene includes a 
layer of relatively high nnolecular weight, relatively 
low density polyethylene. 

9 The cable of at least one of the preceding clainns 
wherein the third layer includes a layer of electncally 
relatively non-insulatlve polyvinyl chlonde. 

10 The cable of claim 9 wherein the layer of electrically 
' relatively non-insulative polyvinyl chloride includes 

a layer of spirally extruded electrically relatively 
non-insulative polyvinyl chloride. 

11 The cable of at least one of claims 1 to 8 wherein 
' the third layer includes a layer of spirally extruded 

electrically relatively non-insulative polymer. 

12 The cable of at least one of the preceding claims 
wherein the metal braid shield includes a copper- 
containing braid shield. 

13. The cable of claim 12 wherein the copper-contain- 
ing braid shield further contains tin. 

14 The cable of at least one of claims 1 to 11 wherein 
the metal braid shield includes a tin-containing braid 
shield. 

15 The cable of at least one of the preceding claims 
wherein the metal braid shield includes a metal 
braid covering between about 85% and about 1 00% 
of the outside surface of the third layer 26 of elec- 
trically relatively non-insulative polymer. 

16 The cable of at least one of the preceding claims 
■ wherein the pitch of the braid of the metal braid 

shield is between about 0° and about 20» to a per- 
pendicular to the longitudinal extent of the cable. 

17 The cable of at least one of the preceding claims 
wherein the polymer jacket includes a flexible poly- 
urethane jacket. 

18 The cable of at least one of the preceding claims in 
combination with a high magnitude electrostatic po- 
tential supply, a device for the electrostatically aided 
atomization and dispensing of a coating material, a 
source of the coating material coupled to the device, 
the high voltage cable coupling the potential supply 
to the device. 
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